Synthesis and Complexing Properties of Novel Crown Ethers and Thiacrown Ethers Incorporating New Heterocyclic Moieties
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INTRODUCTION
In the course of a program directed toward the synthesis of glycoluril-based receptors for molecular recognition studies, we became interested in 4,4 -disubstituted benzyls, which are valuable synthetic building blocks in the construction of molecular clips with crown ether subunits. 1 Crown ethers have been the focus of much attention since Pedersen's studies in the 1960s. 2 These compounds are important molecular receptors for ionic recognition and are currently used in analytical chemistry and biological model systems, as well as in nuclear medicine. 3, 4 Likewise sulfur-substituted crown ethers, or thiacrown ethers, have also observed tremendous advances over the past 20 years. 5, 6 These compounds are known to coordinate with transition metal cations 5,7 and soft alkaline and earth metal cations, 8 whereas crown ethers prefer to coordinate with hard alkaline and earth metal cations. 9 We report in this article the synthesis of some novel crown and thiacrown ethers derived from 4,4 -disubstituted benzils and their complexing properties with alkali and alkali earth metal
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cations. The complexing abilities of both groups have been exemplified by a representative of each group.
RESULTS AND DISCUSSION
The starting compound 1a, 4,4 -dihydroxybenzil, was prepared by demethylation of the commercially available 4,4 -dimethoxybenzil using HBr/HOAc mixture as a demethylating agent. 10 Compound 1b, 4,4 -dimercaptobenzil, was synthesized from 4,4 -dichlorobenzil through an aromatic nucleophilic substitution reaction in the presence of sodium hydrogensulfide in DMF. 11 In the next step, the benzil derivatives 1a and 1b were condensed with the aromatic diamines 2a-c to yield the heterocyclic compounds 3a-f (Scheme 1). Compound 1a is comparatively less reactive than 1b, since p-hydroxy groups have a greater deactivating effect on the electrophilic nature of the carbonyl groups; therefore a condensation reaction of 1a with diamines was performed under azeotropic distillation to afford the cyclized products 3a-f (Scheme 1). The latter compounds were reacted with ditosylates 4a and 4b under high dilution to obtain the crown and thiacrown ethers 5a-l (Scheme 1). Spectral evidence and elemental analyses clearly confirmed the formation of these products. For example, the 1 H NMR spectrum of thiacrown ether 5g showed the methylene protons as two triplets at 2.96 and 3.39 ppm (J = 6 Hz). The IR spectrum was devoid of the S-H absorption band at 2520 cm absorption band at 1490 cm −1 . The mass spectrum and elemental analysis also confirmed the structure.
Extraction Ability
The complex formation ability of crown ethers with metal cations depends on several factors, including cavity size of ligands, cation diameter, special distribution of the ring binding sites, the character of the heteroatoms, and other factors. 12 Crown and thiacrown ethers containing phenyl groups are expected to interact with metal cations through their heteroatoms, as well as π -electron density of the aromatic rings, and form complexes of their own. The complexing capability can be affected by several factors such as the type of heteroatom. Therefore, a quantitative comparison of complexation capability of 5b as the representative of crown ethers 5a-f with that of the corresponding thiacrown ether 5h towards few metal cations was carried out by the method described by Pedersen, 13 and the results are summarized in Table I . As can be seen from Table I , the extractabilities of both crown ether and thiacrown ether for metal cations are varied and can be attributed to the atomic radii of the cations. Na + and Mg 2+ cations, by having smaller atomic radii and being harder compared to their counterparts in the periodic table of elements, K + and Ca 2+ , have more affinity toward crown ether 5b, while the softer cations K + and Ca 2+ show higher affinity toward thiacrown ether 5h. Selective extraction of alkaline earth over alkali metal ions is 2.7 (Mg +2 :Na + extraction ratio) for crown ether 5b, whereas this ratio for thiacrown ether 5h is 8.0 (Ca +2 :K + extraction ratio). However, the high selectivity is attributed to several factors, such as cavity size of the host, conformational behavior, cation radii, and hardness and softness of donor and receptors atoms.
For high extraction efficiency of thiacrown ether 5h, rather than 5b, some contribution to the complex's stability may come from the π -interaction between Ca 2+ and the electronrich aromatic rings in the crown ether framework. Although, a charge-transfer complex between heterocyclic moiety and the counterion of the cationic guest may be another reason for this observation. Further investigation on the heterocyclic ring's effects in selectivity and extraability of these compounds is in progress in our laboratory. According to this preliminary study, the extraability of thiacrown ether 5h is greater than 5b. These two ligands with the same number of donor atoms have different conformational behavior and cavity size due to the differences in atomic radii and bond angles in sulfur and oxygen 
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atoms. Probably the binding site of receptors 5b and 5h is fitting well only to the small cations, which may be clamped between the two aromatic walls. In summary, we have synthesized several new crown ethers and thiacrown ethers incorporating new heterocyclic moieties via a convenient route, and the extraction capabilities of these compounds with few alkali and alkali earth metal cations were exemplified by compounds 5b and 5h.
EXPERIMENTAL
Toluene was distilled from sodium benzophenon ketyl. MeCN was distilled from CaCl 2 . CH 2 Cl 2 and MeOH were distilled from CaH 2 . Silica gel 60 (0.040-0.063 mm, Merck) was used for column chromatography. 4,4 -Dimethoxybenzil was purchased from Merck. Oligoethylene glycol ditosylates (4a and 4b) were prepared according to the literature.
14 Melting points were recorded on an Electrothermal type 9100 melting point apparatus and are uncorrected. The IR spectra were obtained on a 4300 Shimadzu spectrometer. The 1 H NMR (100 MHz) spectra were recorded on a Bruker AC 100 spectrometer. Chemical shifts are reported in ppm downfield from TMS as internal standard; the coupling constant J is given in Hertz. The mass spectra were scanned on a Varian Mat. CH-7 at 70 eV. Elemental analysis was performed on a Thermo Finnigan Flash EA microanalyzer.
General Procedure for the Synthesis of Dihydroxy Compounds 3a-c
A mixture of 4,4'-dihydroxybenzil (1a) (7.4 mmol, 1.73 g), aromatic diamine 2 (7.14 mmol), acetic acid (36 mL), and toluene (11 mL) was refluxed with a Dean-Stark apparatus under N 2 atmosphere for 12 h. After cooling, the mixture was poured into an icewater (144 mL) and HCl (7 mL) mixture. The precipitate was filtered off and recrystallized from ethanol. 
4-[3-(4-Hydroxyphenyl)-2-quinoxalinyl]phenol (3a

General Procedure for the Synthesis of Dimercapto Compounds 3d-f
4,4 -Dimercaptobenzil (1b) (10 mmol) was refluxed in ethanol (100 mL) for 30 min. Then a solution of aromatic diamine 2 (11 mmol) in ethanol (50 mL) was added dropwise, and the reflux was continued for 8 h. After cooling, water (300 mL) was added, and the yellow solid was filtered off, washed with water, and recrystallized from ethanol. 
4-[3-(4-Mercaptophenyl)-2-quinoxalinyl]thiophenol (3d
General Procedure for the Synthesis of Crown Ethers and Thiacrown Ethers 5a-l
Ditosylate 4 (0.3 mmol) was added in small portions during a period of 12 h to a refluxing mixture of 3 (0.3 mmol) and K 2 CO 3 (0.14 g, 1 mmol) in dry MeCN (20 mL). The reflux was continued for 36 h. Then the solvent was evaporated in vacuo, and the residue was partitioned between aqueous NaOH (5%, 25 mL) and CH 2 Cl 2 (25 mL). The organic layer was washed with water (2 × 25 mL), dried (Na 2 SO 4 ), and evaporated to dryness. After column chromatography (eluent: CH 2 Cl 2 :MeOH, 98:2, v/v), compound 5 was obtained as pure powder. 
